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nterococci are an important cause of nosocomial infections (1, 2) . In the United States between 1986 and 1989, enterococci were the second leading cause of nosocomial infections after Escherichia coli, and the third leading cause of bacteremia after coagulase-negative staphylococci and Staphylococcus aureus (1) . There has been an increasing incidence of enterococcal bacteremia in health care settings (3) (4) (5) (6) . Risk factors for acquiring nosocomial enterococcal bacteremia include poor general health, long hospital stay, presence of vascular or urinary catheters, and prior surgery or administration of antibiotics (7) (8) (9) (10) (11) (12) . Concerns about enterococcal infections have been compounded by increasing antimicrobial resistance, particularly to ampicillin, aminoglycosides and vancomycin (12) (13) (14) (15) (16) (17) . Enterococcal bacteremia has been associated with high mortality, largely because of underlying comorbidities (18) . In one study, mortality was higher among patients with bacteremia due to high level gentamicin-resistant strains of Enterococcus faecalis than among those infected with susceptible strains (19) , although this association was not observed in other studies (20, 21) .
At the Health Sciences Centre, Winnipeg, Manitoba, a tertiary care centre, enterococci account for 4% of bacteremic isolates. S aureus and E coli are the most common blood isolates (12% and 7%, respectively). Infections caused by vancomycinresistant strains have not been identified, and vancomycinresistant enterococci (VRE) have only recently been introduced to this tertiary care facility. This study was conducted to describe the epidemiology of enterococcal bacteremia at this institution before the introduction of vancomycin-resistant strains to determine the occurrence of ampicillin and high level aminoglycoside resistance in infecting organisms and to explore risk factors for acquiring bacteremic enterococcal infections. This information may assist in the future development of programs for control of VRE.
PATIENTS AND METHODS

Institution and patient population:
The Health Sciences Centre is a tertiary care teaching hospital with a bed capacity ranging from 830 to 1150 beds during the time of this retrospective review. All patients with enterococcal isolates recovered from blood cultures during a five-year period (January 1990 to December 1994) were identified for this review. Data collection: Patients were identified through a blood culture log book maintained by the clinical microbiology laboratory. A chart review by one of the authors (TAAM) was performed with standardized data collection. Information collected included patient demographics, admitting diagnosis, comorbidities, onset of bacteremia relative to date of admission, surgery and other invasive procedures, type and duration of antibiotic use, presence of foreign devices, admission to intensive care units, complications, and outcome. Microbiological methods: During the study, blood was cultured using the BacT/Alert automated system (Organon Teknika Inc). For some patients with suspected disseminated fungal infection, the Lysis Centrifugation System (Isolator, Wampole Laboratories, New Jersey) was also used. Species of enterococci were identified using the MicroScan system (Baxter Diagnostics Inc). Organisms recovered from blood cultures were stocked in skim milk at -70°C.
Isolates of enterococci recovered in the study were retrieved, and the identification of the organisms was verified using Dade Microscan dried overnight Gram-positive panels (California) and confirmed using methods described by Facklam and Collins (22) . Tests for antibiotic susceptibility and beta-lactamase production were repeated. Susceptibility testing to ampicillin was performed using the disc diffusion method (BBL, Becton Dickinson Microbiology Systems) according to published guidelines (23) . Susceptibility testing to vancomycin and high level resistance to gentamicin and streptomycin was performed using the agar screening method (Entero High level Aminoglycoside Resistance Quadrant Agar, PML Microbiologicals). Ampicillin resistance was demonstrated by a zone of inhibition of less than 17 mm. Vancomycin resistance was demonstrated by growth of the organism on Mueller-Hinton agar screening plates containing 6 m g/mL of vancomycin. High level gentamicin and streptomycin resistance were demonstrated by growth of the organism on agar containing 500 m g/mL and 2000 m g/mL of gentamicin and streptomycin, respectively. The nitrocefin disc (BBL, Becton Dickinson Microbiology Systems) was used to test for betalactamase production. Pulsed-field gel electrophoresis (PFGE) was performed as described by Murray et al (24) and interpreted according to Tenover et al (25) . Definitions: Enterococcal bacteremia was considered nosocomial if patients met any of the following criteria: bacteremia developed 72 h or more after admission to hospital; the patient attended regular hemodialysis at the hospital as an outpatient; the patient had been hospitalized for at least 72 h in the preceding 30 days; or the patient developed enterococcal bacteremia within 72 h of admission to hospital, but clinical circumstances provided clear evidence of hospital acquisition.
The clinical significance of enterococcal isolation from blood was determined by the number of positive blood culture sets or bottles, the presence or absence of a potential source of enterococcal infection and by the patient's clinical status. If the organism was isolated from more than one blood culture obtained during the same illness, it was considered a true pathogen. If the organism was recovered from only one bottle of a single blood culture set, it was considered a pathogen if there was a potential source for the infection, eg, central venous catheter in place or bowel abnormality. Monomicrobial enterococcal bacteremia was defined as isolation of clinically significant Enterococcus species without any other clinically significant pathogens from blood. Polymicrobial enterococcal bacteremia was defined as the isolation of a clinically significant Enterococcus species and one or more other clinically significant pathogens from blood. Enterococcal bacteremia was considered primary the first time it was identified in a given patient or if it recurred at least two weeks after completing adequate therapy of a previous enterococcal bacteremia. If enterococcal bacteremia occurred within two weeks after therapy of a previous enterococcal bacteremia, it was considered a relapse. The source of infection was determined on the basis of clinical evidence and recovery of enterococcus from the infected site. Central venous catheters were considered the source of infection if blood cultures obtained from the lumens contained the organism and the patient had no other source of infection, or if there was local evidence of infection. Absence of growth of enterococcus from the central venous catheter tip upon culture was considered to be strong evidence against central venous catheter infection as a source of bacteremia if the catheter was removed before or within 48 h of commencing antibiotic therapy.
Requirement for more intense care was defined as any escalation of medical care that was required primarily because of the enterococcal bacteremia. This included hospital admission of patients with community-acquired infections or those on chronic hemodialysis; transfer of the patient from the ward to the intensive care unit; or initiating or increasing hemodynamic or respiratory support (including therapy with inotropes and/or invasive monitoring) due to septicemia-related complications. Empirical antibiotic therapy was considered appropriate if any of the following were used: ampicillin, piperacillin, imipenem or vancomycin with or without an aminoglycoside.
Mortality of patients was classified into three categories: not attributable to the enterococcal bacteremia -death occurring as a result of the patient's underlying disease after or during adequate treatment of enterococcal bacteremia not complicated by any organ damage secondary to sepsis that could have accounted for death; partially attributable -death occurred as a result of septicemia with enterococcus and one or more other organisms (polymicrobial infection); or attributable -death occurred due to enterococcal septicemia with no other pathogens contributing (monomicrobial infection). 
RESULTS
During the five-year study, 137 episodes of enterococcal bacteremia were identified in 120 patients. E faecalis was isolated in 116 (84.7%) episodes, Enterococcus faecium in 15 (11.0%), both E faecalis and E faecium in five (3.6%), and Enterococcus durans in one (0.7%) episode. In 11 (8.0%) episodes occurring in 11 patients, the enterococcal isolates were considered to be contaminants; the episodes included eight (6.9%) of the 116 isolates of E faecalis, two (13.3%) of the 15 isolates of E faecium, and one (20.0%) of the dual isolates of both species. Thus, 126 episodes of clinically significant bacteremia occurred in 109 patients. Primary bacteremia occurred in 111
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Enterococcal bacteremia in a teriary care centre Patient characteristics are presented in Table 1 . Patients tended to be male and over 50 years of age, and had significant comorbidities. Surgery preceded about one-half of the 111 clinically significant primary bacteremic episodes, and the majority of patients had one or more types of invasive instrumentation. Of the 98 primary nosocomial bacteremic episodes, 36 (36.7%) were acquired in intensive care units, including 15 in medical, 10 in surgical, seven in neonatal and four in paediatric intensive care units. Thirty-one (31.6%) episodes occurred on general surgical (n=16) and medical (n=15) wards. A total of 11 (11.2%), eight (8.2%), seven (7.2%) and five (5.1%) episodes were acquired on the hemodialysis, hematology/oncology, obstetrics/gynecology and paediatric wards, respectively. The most common site for infection was the central venous catheter (45.2%), with the urinary tract being the second most common (20.6%) ( Table 2 ). E faecium isolates were identified in individuals with central venous catheter infections and with an intra-abdominal source of infection, but not in individuals with urinary tract infection or endocarditis. Comparison of the patients with monomicrobial enterococcal bacteremia with those with polymicrobial enterococcal bacteremia showed no difference in mean age, number or type of underlying diseases, source of infection and number of nosocomially acquired infections.
In 81 (73.0%) of the 111 primary bacteremic episodes, patients received antibiotics before or were receiving antibiotics at the time of the onset of bacteremia. In 68 (61.3%) episodes, patients received antibiotics in the preceding six weeks. These included ampicillin, penicillin, cloxacillin or piperacillin in 29 episodes (26.1%); imipenem in 12 episodes (10.8%); aminoglycosides in 24 episodes (21.6%); cephalosporins in 12 episodes (10.8%); metronidazole in 18 episodes (16.2%); systemic antifungal agents in eight episodes (7.2%); and other antibiotics including ciprofloxacin, clindamycin or erythromycin in 18 episodes (16.2%). In 38 (34.2%) episodes, patients were receiving antibiotics at the onset of bacteremia. The antibiotics included ampicillin, penicillin, cloxacillin or piperacillin in six episodes (5.4%); imipenem in one episode (0.9%); aminoglycosides in five episodes (4.5%); cephalosporins in 11 episodes (9.9%); vancomycin in eight episodes (7.2%); trimethoprim/sulfamethoxazole in seven episodes (6.3%); metronidazole in eight episodes (7.2%); systemic antifungal agents in seven episodes (6.3%); and other antibiotics including ciprofloxacin, clindamycin, erythromycin or nitrofurantoin in seven episodes (6.3%).
Empirical antibiotic therapy was appropriate in 88 (80.0%) of 110 treated episodes. In the remaining 22 (20.0%) episodes, enterococci were not suspected as causative pathogens. Van Septic shock developed in 18 (14.3%) of the 126 episodes of enterococcal bacteremia, persistent bacteremia for at least three days in seven (5.6%) episodes and relapse of bacteremia in 15 (11.9%) episodes. There was no significant difference in the occurrence of septic shock (six cases versus 12, respectively, P=0.10) between individuals with monomicrobial or polymicrobial bacteremia. Escalation of medical care was re- quired in 46 (36.5%) of the 126 episodes of enterococcal bacteremia, and occurred with equal frequency in those with polymicrobial compared with those with monomicrobial infection (21 of 62 versus 25 of 64, respectively, P=0.54). Of the 32 infected hemodialysis patients, nine (28.1%) required admission to the hospital for therapy.
Relapsed urinary tract infection occurred in six (25.0%) of the 24 patients with a urinary tract source of infection and in three cases with bacteremia. Of the 77 patients who had central venous catheters at the time of bacteremia, 26 (33.8%) had the catheters removed or replaced; subsequent relapse was not observed in these individuals after antimicrobial therapy. In four patients, there was no note in the chart to indicate whether the catheter was removed. In 47 patients (61.0%), the central venous catheters were not changed or removed. Of these, four (8.5%) had persistent bacteremia for at least three days, and nine (19.1%) had a relapse of central catheter infection with bacteremia. Relapse occurred significantly more frequently (P=0.014) when the catheter was not removed.
Twenty-eight (22.2%) deaths occurred in 126 bacteremic episodes. Death occurred in one of 12 (8.3%) of patients less than one year of age, none of the eight who were age one to 15 years, seven of 34 (20.6%) who were age 16 to 50 years, 11 of 31 (35.5%) who were age 51 to 70 years and nine of 24 (37.5%) who were older than 70 years. Partially attributable or attributable mortality was similar for those with monomicrobial or polymicrobial bacteremia (four deaths versus five, respectively, P=0.74). Mortality in 19 episodes (15.1%) was due to the patients' underlying diseases and was not related to the enterococcal bacteremia. Mortality in three (2.4%) episodes was partially attributable to enterococcal bacteremia (all polymicrobial infection). Death was attributable to enterococcal bacteremia in six (4.8%) episodes. Total mortality was higher in patients treated for E faecium bacteremia compared with patients treated for E faecalis bacteremia (six of 13 versus 16 of 96, P=0.02), but there was no significant difference in the partially attributable and attributable mortality between the two groups (two of 13 versus three of 96, respectively, P=0.10). Attributable mortality was significantly higher for patients with monomicrobial enterococcal bacteremia who did not receive specific antimicrobial therapy than for patients who received antimicrobial therapy (three of nine versus three of 55, respectively, P<0.01).
The susceptibilities of enterococcal isolates to ampicillin, gentamicin, streptomycin and vancomycin are shown in Table 3 . No vancomycin-resistant enterococci were isolated. All E faecalis isolates were susceptible to ampicillin, but 43.8% of E faecium isolates were resistant. None of the enterococcal isolates were beta-lactamase positive. All E faecium isolates were susceptible to high level gentamicin, whereas 32.1% of E faecalis isolates were resistant. All streptomycin-susceptible E faecium isolates (eight isolates) were ampicillin-susceptible, and all streptomycin-resistant isolates (seven isolates) were ampicillin-resistant. DNA typing of the streptomycin-resistant E faecium strains by PFGE demonstrated three different patterns (three isolates belonged to pattern A, two isolates to pattern B 1 , one isolate to pattern B 2 , and one isolate to pattern C.
When patients with primary monomicrobial high level gentamicin-resistant E faecalis infections (n=15) were compared with those with monomicrobial infections due to high level gentamicin-susceptible strains (n=35), the former group had a longer hospital stay (51± 21 versus 41± 28 days, respectively, P=0.005). There was, however, no difference in age (54± 21 versus 41± 28 years, respectively, P=0.11), the number or type of underlying chronic diseases (17 Total mortality was similar in patients with E faecalis bacteremia due to high level gentamicin-or streptomycinresistant strains and those with bacteremia due to high level gentamicin-or streptomycin-susceptible strains (nine of 35 and 10 of 33 for resistant strains versus 13 of 74 and 12 of 73 for susceptible strains, P=0.32 and 0.10, respectively). Attributable mortality, however, was significantly higher in patients with bacteremia due to high level streptomycinresistant E faecalis strains compared with high level streptomycin-susceptible strains (four of 33 versus one of 73, P=0.03). It was similar in patients with bacteremia due to high level gentamicin-resistant E faecalis strains and high level gentamicin-susceptible strains (three of 35 versus two of 74, P=0.32). Patients with E faecium bacteremia due to ampicillin-or streptomycin-resistant strains and those with E faecium bacteremia due to susceptible strains had similar total mortality (four of seven and four of seven for resistant strains versus two of nine and two of eight for susceptible strains, P=0.30 and 0.31, respectively) and attributable mortality (one of seven and one of seven for resistant strains versus zero of nine and zero of eight for susceptible strains, P=0.43 and 0.46, respectively). The mortality rate of patients with enterococcal isolates that were considered contaminants was also high (three of 11, 27.3%). In 82 (65.1%) episodes, patients completely recovered from their enterococcal bacteremia without any complications.
DISCUSSION
Enterococci accounted for 4% of all blood isolates at our institution. This proportion is relatively low compared with other reports where enterococci have been reported to cause 8.3% (26) and 11% (27) of episodes of bacteremia. Isolation of enterococci in blood cultures usually represented true pathogens, but in one-half of episodes, other pathogens were also present. E faecalis was the dominant species isolated in 85% of episodes, a finding consistent with other reports (20, 28) . However, several studies also report a predominance of E faecium (27, 29) or a shift to E faecium with increasing resistance (30, 31) . Infections were usually hospital acquired after prolonged hospitalization, as other studies have consistently reported (20, 21, 29, 30, 32, 33) . The characteristics of infected patients, including old age, multiple underlying comorbidities, almost 90% with instrumentation and recent or current antimicrobial therapy, are also consistent with these previous reports. Intensive care units, medical and surgical wards, and hemodialysis units had the highest incidence of infection. Infection of central venous catheters was the most common source of enterococcal bacteremia, followed by urinary tract infections. Only 3% of the cases, all due to E faecalis, had endocarditis.
Complications of enterococcal bacteremia were uncommon, but included septic shock, persistent bacteremia for at least three days and relapse of bacteremia after appropriate antimicrobial therapy. Complications occurred as frequently when caused by an enterococcal species by itself or polymicrobial bacteremia. Of the 24 patients whose bacteremia was due to urinary tract infection, 25% had a relapse and 50% of relapses had associated bacteremia. The relapse rate of central venous catheter-associated enterococcal bacteremia treated with appropriate antimicrobial agents but without removal of the central catheter was 19%. Relapse of bacteremia did not occur in cases where central catheter infections were treated with removal of the catheter and antimicrobial therapy. Thus, this study suggests central catheter removal should be considered for enterococcal bacteremia.
The mortality of patients with enterococcal bacteremia was high, but this was mainly caused by underlying disease, consistent with previous studies. The observed overall mortality rate of 22% is lower than that in other reports (20, 21, 26, 28, 29, 30, 33, 34) where mortality rates of 30% to 63% and attributable mortality rates of 31% have been reported. However, it is consistent with one other report where mortality was 18% and attributable mortality was 8% (32) . Factors associated with a higher attributable mortality included older age, presence of malignancy, infection with high level streptomycin-resistant E faecalis strains and lack of specific enterococcal antimicrobial therapy. In particular, attributable mortality was greater in subjects who did not receive empirical therapy that included enterococcal coverage.
All enterococcal isolates during the study were susceptible to vancomycin. Ampicillin resistance was identified only in E faecium isolates, whereas high level gentamicin resistance was identified only in E faecalis isolates. Both E faecalis and E faecium exhibited high level resistance to streptomycin. The only other Canadian report of enterococcal bacteremia also identified ampicillin resistance only in E faecium (30) . In that study, 18% of all bacteremic isolates were high level gentamicin resistant versus none at our institution.
We did not observe any differences in patient characteristics or outcomes between those with high level gentamicin-susceptible or resistant strains, apart from a longer previous hospitalization in those with resistant strains. Other reports have described variable observations with respect to the presence or absence of aminoglycoside or ampicillin resistance and outcomes. Streptomycin and ampicillin resistance were linked, but exhibited by genetically different E faecium isolates. PFGE typing showed four strains among seven isolates, suggesting polyclonal origin.
CONCLUSIONS
These observations provide useful information that describes the epidemiology of enterococcal bacteremia at our institution before the arrival of VRE. They suggest that, at the time of this review, the extent and impact of enterococcal bacteremia at our institution was not as great as that reported from some other institutions. This study provides a baseline from which to monitor the evolution and impact of enterococcal bacteremia and resistance.
